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Abstract 

This invention relates to an automobile exhaust muffler, comprising of a metal outer 
shell that holds a sound absorption medium. The two ends of the outer shell are connected 
with the intake and outtake pipes. The sound absorbing material is made of porous metal 
5 where the pores inside the porous metal have diameters of between 200 to 1200|um. The 
pore density is 80-98%. This type of exhaust muffler is of simple construction and easy to 
fabricate. Its cost of production is low. It can also withstand high heat, corrosion, and 
impact from air flow. It has a long life span as well as good sound muffling characteristics. 
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Claims 

1 . A type of dissipative style automobile exhaust muffler, including a metal outer shell. 
Also, the two ends of the metal shell are connected separately to the intake and outtake pipes. 
Said outer shell holds a sound absorbing material. Its characteristics are: said sound 

5 absorbing material is made from porous metal where the pores in the porous metal have 
diameters of between 200jim and 1200jim and the pore density of the porous metal is 80- 
98%. 

2. The dissipative style automobile exhaust muffler of claim 1 , its characteristic is: said 
10 porous metal can be placed in sections perpendicular to the direction of the airflow, with gaps 

between the sections. 

3. The dissipative style automobile exhaust muffler of claim 2, its characteristic is: the 
thickness of said porous metal material is between 10mm and 40mm and the thickness of 

15 said gaps is between 10mm and 50mm. 

4. The dissipative style automobile exhaust muffler of claim 2, its characteristic is: each 
section of porous metal material can have different pore diameter or pore density. 

20 5. The dissipative style automobile exhaust muffler of claim 1, its characteristic is: said 
porous metal can also be placed either in single or multiple layers in the direction parallel to 
the direction of the air flow, leaving gaps between the layers of porous metal, and between 
the inside of the outer shell and the layers of porous material 
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6. The dissipative style automobile exhaust muffler of claim 5 5 its characteristic is: the 
thickness of said porous metal material is between 10mm and 40mm and the thickness of 
said gaps is between 10mm and 50mm. 

5 

7. The dissipative style automobile exhaust muffler of claim 1, its characteristic is: said 
porous metal material is a metal element or metal alloy made from the following: nickel, 
iron, and titanium. 

10 8. The dissipative style automobile exhaust muffler of claim 1, its characteristic is: said 
porous metal material is made with a combination of metals or alloys from two groups (A & 
B). Group A consists of 55 to 95wt% of the porous metal and contains one of the following: 
nickel, iron or titanium. Component B consists of 5 to 45wt% of the porous metal and 
contains one or more of the following: chromium, aluminum, cobalt, molybdenum, and zinc. 

15 

9. The dissipative style automobile exhaust muffler of claim 1, claim 7 or claim 8, its 
characteristic is: said porous metal material is fabricated with electroplating. 
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Specification 



Dissipative Automobile Exhaust Mufflers 

Field of Invention 

This invention relates to a type of automobile exhaust muffler. More particularly, it 
relates to a type of dissipative style automobile muffler that uses sound absorbing material 



Background of Invention 

Existing automobile exhaust muffler systems customarily mainly use reactive type 
10 mufflers because these systems are made from metal, with simple structures that can 
withstand high temperature, corrosion, impact from air flow, and have a long lifespan. 
However, the spectrum for sound absorption of reactive type mufflers is narrower with better 
results in the low frequencies and worse in the high frequencies. In order to compensate for 
the weakness in high frequency sound absorption and achieve sound absorption for the 
15 automobile exhaust system, structures such as multi-stage combinations, i.e., multi-stage 
muffler devices or dissipative and reactive combination style mufflers are often needed for 
better results in high frequency sound absorption. However, these methods increase the 
complexity of the technology and increase the cost for sound absorption. 

Existing dissipative type exhaust mufflers using sound absorption material 
20 customarily have air circulation passages containing sound absorption materials. These sound 
absorption materials are made of materials such as aluminate felt and asbestos felt that and 
can usually resist high heat and corrosion. They are firmly secured to a securable surface 
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protecting structure. These mufflers 5 ability to resist impact, humidity, and dust are 
relatively low resulting in comparatively short useable life spans. At the same time, their 
sound absorption capability is also relatively weak. Therefore, at present, they are not widely 
used in the automobile industry. 
5 Description of Invention 

The technological problem that this invention solves is to provide a dissipative style 
automobile muffler that is resistant to high temperature, corrosion, and impact from air flow 
with good sound absorption properties, of simple construction and technology, and is of low 
cost. 

10 This invention includes a metal outer shell where the two ends of the metal shell are 

connected to the intake and outtake pipes. The outer shell holds a sound absorbing material. 
The sound absorbing material is made from porous metal where the pores inside the porous 
metal have diameters between 200|im and 1200(im. The pore density of the porous material, 
i.e., the percentage of volume of pores to the volume of the total porous metal, is between 

15 80% and 98%. 

Said porous metal can be placed in sections perpendicular to the direction of the airflow, 
with gaps between the sections. In the alternative, said porous metal can also be placed 
either in single or multiple layers in the direction parallel to the direction of the air flow, 
leaving gaps between the layers of porous metal, and between the inside of the outer shell 
20 and the layers of porous material. The thickness of said porous material is between 10mm 
and 40mm and the thickness of the gaps is between 10mm to 50mm 

The reason for using the porous metal material for the sound absorption function is: 
after the exhaust enters the inside of the body of the shell of the muffler from the intake pipe, 
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it enters the pores of the porous metal and moves along and perpendicular to the direction of 
flow inside the pores. The sound waves are distributed to the many pores inside the porous 
metal, stimulating the air medium inside the many small pores to vibrate. Within the air in 
the pores, due to the friction and adhesive action between the air and the channels that form 
5 the pores of the porous metal and the expansion and contraction action of the air in the pores, 
there is a continuous heat exchange between the air and the channels resulting in the 
transformation of sound energy into heat that then dissipates. From this, the goal for sound 
absorption is achieved. 

This invention places porous metal as the sound absorbing material inside the metal 

10 outer shell of the muffler where the porous metal has advantages such as a high pore density, 
higher mechanical strength, low density, large specific surface area with good flow through 
characteristics, low thermal conductivity, and strong absorption of sound vibrations. Using 
this material as the sound absorption material for the automobile exhaust muffler not only 
produces excellent sound absorption properties but also possesses other advantages as well. 

15 Its technology is simple. Its cost is low and it can withstand high temperature, corrosion, and 
impact from air flow. It has a long useable lifespan. 

Because of the strength of the porous metal material and its ease of manufacturability, 
the outer shell for the muffler can be cylindrical shaped. It can also be conveniently made 
into flat shaped or other shapes that can adapt to the space at the automobile's underside 

20 without affecting the difficulty in the fabrication of its internal structure or the sound 
absorption property of the final device. 

Research proves that the pore diameter and the pore density have a large effect on the 
sound absorption property of the material and the resistance of the exhaust from the engine. 
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Multiple experiments prove that porous metal with pore diameter between 200^im and 
1200|am and pore density of between 80% and 98% can produce better sound absorption 
results. Even when the porous metal is placed inside the metal outer shell perpendicular to 
the direction of the air flow such that there is no other pathway for the air to flow at the same 
5 time, the device allows the high speed exhaust from the engine to flow smoothly through and 
fundamentally does not affect the properties of the engine. 

This invention has a simple structure, is easy to manufacture, of low cost, and has 
long useable life span with good sound absorption properties in a wider frequency spectrum. 
When compared with existing reactive type mufflers commonly used in the automobile 

10 industry, the average sound absorption effect of this invention is 30% better. When 

compared with mufflers with perforated panels, its sound absorption effect is better by 35% 
to 45%. The test results in Figure 2 indicate that, when compared with existing technology, 
this invention has distinctive economical and technological advantages. 
Description of Attached Drawings 

15 The following attached figures and embodiments describe this invention in further detail. 

Figure 1 is the diagram of the structure of an embodiment of the dissipative style automobile 
exhaust muffler of this invention. 

Figure 2 is the diagram of the structure of another embodiment of the dissipative style 
automobile exhaust muffler of this invention. 
20 Figure 3 is the diagram of the structure of the embodiment of this invention as shown in 
Figure 2 when viewed from the direction of "A" as shown in Figure 2. 

Figure 4 is the micrograph of the structure of porous nickel, a porous metal material used in 
an embodiment of this invention. 
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Figure 5 is a chart comparing the effect of sound absorption results between the mufflers of 
this invention and several other types of commonly used mufflers. 
Particular Implementation Methods 

Figure 1 shows an embodiment of this invention including the outer metal shell (2). 
The two ends of the outer shell are separately connected with the intake pipe (2) and the 
outtake pipe (4). The outer shell (2) holds the sound absorbing material made of porous metal 
(3). The relative density of the porous metal can be between 80-98%. The pore diameter can 
be between 200-1200p,m. The sound absorbing material (3) is in sections and placed 
perpendicular to the direction of the airflow inside the outer shell (2). (Figure 2 shows two 
sections. In practice, multiple sections can be used.) The sections of sound absorbing 
material of thickness can be between 10mm and 40 mm and the thickness of gaps can be 
between 10mm and 50mm. 

In this invention, the size of the pore diameter in the porous metal material greatly 
affects its ability to absorb sound. Seven groups of experiments were conducted in order to 
determine the best range for this parameter. The results are shown in Table 1 with the pore 
diameter in micrometers. 
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Table 1 shows that the pore diameter of the porous material greatly affects its sound 
absorption property. As the pore diameter increases, the acoustic absorption coefficient first 
increases and then decreases. Best sound absorption is obtained when the pore diameter is 
5 between 200 to 1200 micrometers. Also, sound absorption is better at higher than lower 
frequencies. 

In order to increase the sound absorption, especially at lower frequencies, methods 
such as leaving gaps between the sections of sound absorbing material (3) and increasing the 
thickness of the material can be used. Theoretically, gaps can also have the effect of 

10 increasing the material's thickness. This is equivalent to increasing the effective length of 
the capillaries. This will decrease the use of materials, lower cost, and improve the material's 
sound absorption properties, especially at the lower frequencies. Research proves that, 
especially at lower frequencies, sound absorption increases when the thickness of the porous 
material is between 10mm and 40mm., and the size of the gap is between 10mm and 50mm; 

1 5 thus allowing this invention to obtain good sound absorption in a wide spectrum of 
frequencies. 

The pore density of the porous material has a bigger effect on the sound absorption 
and air resistance. Generally speaking, large pore density has the advantage of decreasing air 
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resistance and increasing the sound absorption. However, if the pore density is increased to 
above 98%, the fabrication technology becomes more difficult and non-economical. Also, at 
that density, the structural strength is affected, lowering its ability to resist mechanical 
impact. Therefore, the best range for the pore density should be between 80% and 98%. 

The pore density of the different sections of sound absorption material placed inside 
the outer shell can vary. In addition, the size of the gap between the sections can also vary. 
The sound absorption can be further improved to a wider spectrum of frequencies by 
adjusting the pore density of the different sections of porous metal material inside the outer 
shell and the size of the different gaps. 

Since this invention uses porous metal with a higher pore density (80 to 98%), and a 
larger pore diameter (200-1200 micrometers), with a higher mechanical strength, therefore, 
exhaust from the engine can flow smoothly through without additional air channels. This 
allows the porous metal to be placed in the outer metal shell (2) perpendicular to the direction 
of the airflow using customary methods such as welding and securing with other additional 
methods to protect the surface structure. In this manner, the best results for sound absorption 
can be obtained. 

The porous material can also be positioned as shown in Figure 2 or Figure 3, parallel 
to the direction of the airflow with gaps between the sections of sound absorption material 
(3), and the outer shell (2) and the sound absorption material (3). This configuration further 
lowers the pressure from the engine exhaust but slightly lowers the sound absorption results 
as well. One or more layers of sound absorption materials (3), with gaps between the layers 
and between the material and the walls of the outer shell can also be used in this 



10 



configuration. The best specifications for the thickness of the porous metal and size of the 
gaps are the same as described above. 

The above-described porous metal can be made from a single element of nickel, iron, 
titanium or an alloy of above-stated metals. It can also be made with a combination of metals 
or alloys from two groups (A & B.). Group A consists of 55 to 95 wt.% of the porous metal 
and contains one of the following: nickel, iron or titanium. Component B consists of 5 to 45 
wt.% of the porous metal and contains one or more of the following: chromium, aluminum, 
cobalt, molybdenum, and zinc. 

The porous metal can further improve the mechanical strength, resistance to 
oxidation, heat corrosion, and impact of the material and increase the useable life span of the 
muffler. 

Figure 4 shows the microscopic structure of a type of porous nickel. The picture clearly 
shows that the porous nickel has a three dimensional net structure, with its skeletal structure 
connected and all cavities connecting thus showing that its has a high pore density and good 
structural strength. Porous nickel also has the following advantages: low density, high 
specific surface area, good flow through properties, and low coefficient of heat conduction. 
Therefore excellent sound absorption results with lowered engine exhaust pressure can be 
obtained using porous nickel as the sound absorption material 

Although other methods can be used to fabricate porous metal, electroplating is the best. 
For fabrication of porous metal with high pore density, electroplating is simple, convenient, 
and cheap. When compared with other methods of fabrication, porous metal fabricated by 
electroplating not only has excellent sound absorption properties, it has better structural 
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strength, heat conductance and chemical stability, resulting in a longer useable lifespan of the 
porous metal. 
Embodiment 1 

The sound absorbing material fabricated from porous nickel by electroplating is secured 
5 by welding in two sections to the inside the outer metal shell of the muffler perpendicular to 
the air flow. Gaps are left between the porous metal and the outer shell and between the 
different sections of the porous metal. The pore density can be between 80 and 98%, best 
when it can be between 95 and 98%. The pore diameter is 200|am. The thickness of the 
porous metal is between 10 and 40 mm; the thickness of the gap is between 10 and 50 mm. 
10 The porous nickel, fabricated using electroplating, should have evenly spaced pores, with no 
orifices or pores with holes, thus having higher structural strength and pre-determined 
flexibility. 

Using the Test Method for Noise Limitation for Mechanical Automobile (GB/T 
14365-93) and Limit and Testing Method for External Noise for Acceleration of Automobile 
15 (GB 1495-2002), under the condition of no increase in oil consumption, in commonly used 
sedans, the noise levels are all lower than the national standards. 
Embodiment 2 

Porous nickel with pore diameter of 400(am is the porous metal material. Everything 
else is the same as Embodiment 1 . 
20 Embodiment 3 

Porous nickel with pore diameter of 800(im is the porous metal material. Everything 
else is the same as Embodiment 1 . 
Embodiment 4 
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Porous nickel with pore diameter of 1200|im is the porous metal material. 
Everything else is the same as Embodiment 1 . 
Embodiment 5 

Porous nickel with pore diameter of 200[im is the porous metal material. The porous nickel 
5 has a cylindrical shape corresponding to the shape of the outer shall and is placed inside the 
cylindrical shell, parallel to the cylindrical outer shell and in the direction parallel to the air 
flow. There is an gap between the outer shell of the muffler and the cylindrical shaped 
porous nickel. Everything else is the same as Embodiment 1. 
Embodiment 6 

10 Porous nickel chromium alloy containing 55 wt% of nickel and 45wt% of chromium 

and with pore diameter of 200jam is the porous metal material. Everything else is the same 
as Embodiment 1 . 
Embodiment 7 

Porous nickel chromium alloy containing 75 wt% of nickel and 25wt% of chromium 
1 5 and with pore diameter of 200|am is the porous metal material. Everything else is the same 
as Embodiment 1 . 
Embodiment 8 

Porous nickel chromium alloy containing 95 wt% of nickel and 5wt% of chromium 
and with pore diameter of 200|im is the porous metal material Everything else is the same 
20 as Embodiment 1 . 

The above-described embodiments were used with commonly used sedans and tested 
with the method described in Embodiment 1; all noise levels were below national standards. 
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When other porous metals such as iron, titanium or above-described metals alloys 
with different structure and pore diameters are used and tested, all test results show that the 
noise level is lower than the national standards. 

Above-described embodiments are some preferred implementations that realize the 
5 fundamental ideas of this invention. To implement the theory of this invention, persons 
having ordinary skill in the field of this invention can make some changes to certain parts. 
However, those changes still remain within the realm of protection of this patent. 
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